1. Introduction {#s0005}
===============

Procalcitonin (PCT), a 13-kDa peptide precursor of calcitonin, has gained widespread acceptance as an early and specific biomarker for the presence of systemic bacterial infection [@bib1]. Based on high plasma levels of PCT during systemic bacterial and fungal infections that decrease on recovery, and low concentrations during infections of viral origin or nonspecific causes, the use of PCT assays can be used to assist the clinical management of different patient groups in a range of clinical settings [@bib1], [@bib2]. In particular, PCT monitoring has demonstrated value in guiding antibiotic use for bacterial infections. Controlled, clinical studies have found that PCT-guided therapy can reduce antibiotic exposure in multiple indications including lower respiratory tract infections, urinary tract infections, sepsis, meningitis, and pneumonia [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11].

In recent years, the B.R.A.H.M.S Kryptor^®^ PCT assay has been used to validate other automated immunoassay platforms, including Roche\'s Elecsys, Cobas^®^ and Modular E170 systems [@bib2], the BioMérieux VIDAS^®^ assay [@bib12], [@bib13], [@bib14], Siemens ADVIA Centaur^®^ [@bib1], and the LIAISON^®^ B.R.A.H.M.S PCT II GEN [@bib15]. The ARCHITECT B.R.A.H.M.S PCT assay (Abbott Laboratories, Wiesbaden, Germany) is a novel PCT immunoassay intended for use with automated ARCHITECT instrumentation. In this study, the ARCHITECT B.R.A.H.M.S PCT assay was evaluated with the objective of assessing assay precision, linearity and sensitivity, and the performance of the assay in comparison with the Roche Cobas^®^, LIAISON^®^, BioMérieux VIDAS^®^ and B.R.A.H.M.S Kryptor^®^ systems.

2. Methods {#s0010}
==========

The ARCHITECT B.R.A.H.M.S PCT assay is a two-step immunoassay using chemiluminescent microparticle immunoassay (CMIA) technology, with a 29-min assay completion time. The ARCHITECT B.R.A.H.M.S PCT assay was evaluated on Abbott ARCHITECT *i*2000SR immunoanalyzers (Abbott Laboratories, Abbott Park, IL, USA) using de-identified plasma or serum samples from patients tested at nine clinical laboratories in Australia, France, Germany (n = 2), Italy, South Africa, Turkey, Vietnam and Wales. The manufacturer had previously performed the equivalence of plasma and serum samples for the ARCHITECT B.R.A.H.M.S assay [@bib16]. Plasma or serum samples were tested either fresh or following storage of the serum fraction at 2--8 °C for a maximum of 24 h. Each individual involved in executing the study was trained on the operation and maintenance of the ARCHITECT instrument systems and comparator instrument systems, as applicable. The study was conducted in compliance with the study protocol, Good Clinical Practice and applicable regulatory requirements. An informed consent waiver was obtained from the Independent Ethics Committee of each study site.

2.1. Analytical performance {#s0015}
---------------------------

Precision, linearity and sensitivity studies were conducted according to Clinical and Laboratory Standards Institute (CLSI) guidelines, EP15-A2 and EP17-A2 [@bib17], [@bib18]. For the precision analysis, a single ARCHITECT run was performed on each of 5 days, with runs consisting of 5 replicates of each level of quality control material (0.20 ng/mL, 2.00 ng/mL, 70.00 ng/mL; manufactured by Abbott Laboratories, Wiesbaden, Germany). Samples with known high analyte concentrations were used for the linearity analysis and diluted to a minimum of 5 linearity levels. For the sensitivity analysis, testing included 1 run on each of 3 days, with each run consisting of 2 samples tested in 4 replicates. Limit of blank (LOB), limit of detection (LOD) and limit of quantitation (LOQ) were assessed using leftover de-identified samples and targeted at or below the established claim for each limit.

2.2. Method comparison {#s0020}
----------------------

The ARCHITECT B.R.A.H.M.S PCT assay was compared with the Roche Cobas^®^, Diasorin LIAISON^®^, BioMérieux VIDAS^®^, and widely accepted B.R.A.H.M.S Kryptor^®^ systems based on guidance from the CLSI EP09-A3 protocol [@bib19]. All instruments were calibrated according to their respective package inserts. Samples were analysed once on ARCHITECT *i*2000SR immunoanalysers and reanalysed on the LIAISON^®^, Kryptor^®^, VIDAS^®^ and Cobas^®^ for determination of PCT levels. For analytical comparison, we used 1116 plasma or serum samples tested at clinical laboratories from nine sites in eight countries, with three samples excluded from analyses due to no available comparator results. Samples were pooled across sites for each comparator system and samples for the ARCHITECT PCT assay were pooled by sites using the same comparator, respective to each analysis.

2.3. Statistical analyses {#s0025}
-------------------------

For the precision analysis, mean values, within-run and between-day variance (standard deviation \[SD\]), and percent coefficient of variation (%CV) were estimated for each control level using analysis of variance (ANOVA). Within-laboratory (total) variance was calculated as the accumulation of the within-run and between-day variance, and was used to estimate the total SD and total %CV. For each linearity sample level, the linearity relationship between the mean and the target value was evaluated. For LOB verification, the number and percentage of results across samples and days that were ≤ LOB claim were calculated. For LOD verification, the number and percentage of results across samples and days that were ≥ LOB claim were calculated. For LOQ, the number and percentage of results that were within the allowable total error around the target value of the samples, across samples and days, was calculated. Comparison of ARCHITECT B.R.A.H.M.S PCT with the Cobas^®^, LIAISON^®^, VIDAS^®^ and Kryptor^®^ PCT assays was evaluated using both Passing-Bablok and Deming regression analyses. The correlation coefficient (r), linear regression slope and intercept were calculated. Bias was evaluated using the Bland-Altman method. Samples with missing results were excluded from the analysis. All data analyses were performed using SAS software (version 9.3 or higher).

3. Results {#s0030}
==========

3.1. Performance characteristics {#s0035}
--------------------------------

For the 5-day precision analysis, the within-laboratory SD and %CV across all sites ranged from 0.005 to 0.008 and 2.7 to 4.1, respectively, for the low concentration control; 0.040 to 0.212 and 2.1--11.7, respectively, for the medium concentration control; and 1.628 to 4.191 and 2.5 to 6.3, respectively, for the high concentration control. For the medium control, if the highest value is excluded to remove long-tail outliers, the SD ranged from 0.040 to 0.058 and %CV from 2.1 to 3.0. For the high control, if we exclude the highest value, the SD ranged from 1.628 to 2.865 and %CV from 2.5 to 4.0. For the linearity analysis, the mean slope across all sites ranged from 0.85 to 1.03, with a mean y-intercept ranging from --6.15 to + 1.71 and a correlation coefficient ranging from 0.94 to 1.00. The highest observed LOB and LOD value was 0.00 ng/mL, with an observed proportion boundary of 87%. The LoB (0.00 ng/mL), LoD (0.00 ng/mL), and LoQ (0.01 ng/mL) claims were verified.

3.2. Method comparison {#s0040}
----------------------

Deming regression analysis of 1116 plasma or serum samples with PCT results detected across a dynamic assay range of 0.02--100 µg/L using the ARCHITECT PCT assay showed a good correlation with comparators ([Fig. 1](#f0005){ref-type="fig"}). In 322 samples from sites in Germany, South Africa and Vietnam, the ARCHITECT PCT assay compared with the Roche Cobas^®^ assay had a slope of 0.82 (95% confidence interval \[CI\], 0.77 to 0.88), y-intercept of 0.3 (95% CI, 0.1 to 0.5), and correlation coefficient of r = 0.989 (95% CI, 0.987 to 0.991). In 584 samples from sites in France, Germany, Turkey and Wales, the ARCHITECT PCT assay compared with the Kryptor^®^ B.R.A.H.M.S assay had a slope of 0.91 (95% CI, 0.87 to 0.96), y-intercept of −0.2 (95% CI, −0.3 to 0.0), and r = 0.986 (95% CI, 0.984 to 0.988). In 128 samples from sites in Australia and Italy, the ARCHITECT PCT assay compared with the BioMèrieux VIDAS^®^ assay had a slope of 0.69 (95% CI, 0.60 to 0.79), y-intercept of 0.1 (95% CI, −0.3 to 0.4), and r = 0.987 (95% CI, 0.981 to 0.991). In 82 samples from one site in Germany, the ARCHITECT PCT assay compared with the Diasorin LIAISON^®^ assay had a slope of 0.76 (95% CI, 0.55 to 0.98), y-intercept of −0.5 (95% CI, −1.5 to 0.4), and correlation coefficient of r = 0.972 (95% CI, 0.956 to 0.982). The method comparison for Passing-Bablok and Deming regression analyses for samples from individual sites as well as pooled samples are summarized in the [Table 1](#t0005){ref-type="table"}.Fig. 1Deming regression scatter plots comparing ARCHITECT PCT assay with Roche Cobas^®^ (A), B.R.A.H.M.S Kryptor^®^ (B), Diasorin LIAISON^®^ (C), and BioMèrieux VIDAS^®^ (D) for measuring range of 0.02--100 µg/L.Fig. 1Table 1Passing-Bablok and Deming regression analyses for plasma or serum samples collated across 9 sites including pooled samples (Germany, South Africa, Vietnam; France, Germany, Turkey, Wales; and Australia, Italy) with concentrations across the dynamic range of the assay (0.02 -- 100 µg/L).Table 1**NSITEARCHITECTComparatorCorrelation coefficient (r)Passing-BablokDeming regressionInterceptSlopeInterceptSlopeMinMaxNameMinMaxr95% CIEst.95% CIEst.95% CIEst.95% CIEst.95% CI**276France0.095.6K0.091.50.990(0.988, 0.992)− 0.0(−0.03, 0.0)0.96(0.95, 0.98)− 0.0(−0.2, 0.1)0.97(0.90, 1.04)152Altona, Germany0.058.9C0.086.50.990(0.987, 0.993)− 0.0(0.0, 0.0)0.96(0.93, 0.98)0.6(0.2, 0.9)0.77(0.69, 0.85)104Altona, Germany0.032.1K0.145.20.991(0.986, 0.994)− 0.0(0.0, 0.0)0.81(0.79, 0.83)0.1(0.0, 0.1)0.71(0.68, 0.75)52Italy0.025.3V0.136.90.999(0.998, 0.999)0.0(0.0, 0.0)0.69(0.67, 0.72)0.0(0.0, 0.1)0.66(0.63, 0.69)82Gottingen, Germany0.068.9DL0.172.00.972(0.956, 0.982)− 0.0(−0.1, 0.0)0.65(0.63, 0.68)− 0.5(−1.5, 0.4)0.76(0.55, 0.98)132Wales0.064.4K0.073.70.991(0.987, 0.993)− 0.0(0.0, 0.0)0.85(0.81, 0.87)− 0.1(−0.4, 0.1)0.89(0.82, 0.96)76Australia0.073.4V0.1102.90.985(0.977, 0.991)0.0(0.0, 0.0)0.74(0.72, 0.77)0.2(−0.3, 0.6)0.69(0.59, 0.80)101Vietnam0.046.0C0.060.80.995(0.992, 0.997)− 0.0(0.0, 0.0)0.87(0.84, 0.90)0.1(0.0, 0.2)0.78(0.73, 0.83)69South Africa0.053.6C0.058.00.997(0.994, 0.998)− 0.0(0.0, 0.0)0.93(0.91, 0.96)− 0.1(−0.3, 0.1)0.93(0.90, 0.97)73Turkey0.071.8K0.077.20.993(0.989, 0.995)− 0.0(0.0, 0.0)0.84(0.80, 0.87)− 0.2(−0.5, 0.1)0.88(0.79, 0.97)322Germany, South Africa, Vietnam0.058.9C0.086.50.989(0.987, 0.991)− 0.0(0.0, 0.0)0.94(0.93, 0.96)0.3(0.1, 0.5)0.82(0.77, 0.88)584France, Germany, Turkey, Wales0.095.6K0.091.50.986(0.984, 0.988)− 0.0(0.0, 0.0)0.87(0.86, 0.88)− 0.2(−0.3, 0.0)0.91(0.87, 0.96)128Australia, Italy0.073.4V0.1102.90.987(0.981, 0.991)0.0(0.0, 0.0)0.73(0.71, 0.74)0.1(−0.3, 0.4)0.69(0.60, 0.79)[^1]

The mean bias between the ARCHITECT B.R.A.H.M.S PCT assay and comparators at the measuring range of 0.02--100 µg/l was −0.8 µg/l (95% CI, −27.6--0.9 µg/l) for Roche Cobas^®^, −0.6 μg/l (95% CI, −20.7--9.3 µg/l) for B.R.A.H.M.S Kryptor^®^, −2.5 µg/l (95% CI, −44.5--0.1 µg/l) for BioMèrieux VIDAS^®^, and −2.3 µg/l (95% CI, −25.7--0.0 µg/l) for Diasorin LIASON^®^. Concordance for ARCHITECT B.R.A.H.M.S PCT assay with each comparator assay pooled across sample sites at the cut-offs of 0.25 µg/l and 0.50 µg/l, respectively, was 96.9% and 98.1% with Roche Cobas^®^, 95.4% and 96.1% with B.R.A.H.M.S Kryptor^®^, 93.8% and 98.4% with BioMèrieux VIDAS^®^, and 92.7% and 93.9% with Diasorin LIAISON^®^.

4. Discussion {#s0045}
=============

In this study, a novel PCT assay was evaluated, including its analytical performance using the ARCHITECT *i*2000SR immunoanalyzer. Compared with existing assays, the ARCHITECT B.R.A.H.M.S PCT assay showed equivalent method comparison findings across a dynamic assay range of 0.02--100 µg/L. Previous studies have similarly found concordance between B.R.A.H.M.S Kryptor^®^ and Roche systems [@bib2], Kryptor^®^ and ADVIA Centaur^®^ [@bib1], Kryptor^®^ and VIDAS^®^ B.R.A.H.M.S PCT^®^ [@bib12], [@bib13], [@bib14], and Kryptor^®^ and LIAISON^®^ B.R.A.H.M.S PCT II GEN [@bib15].

The imprecision characteristics obtained from nine sites in eight countries indicated that the assay is robust and independent of the instrument. Results for LOB, LOD and LOQ were in agreement with the manufacturer\'s specifications and thus verified the low-end performance of the assay [@bib16]. Current literature supports a PCT threshold of ≥ 0.5 and ≥ 2.0 µg/L for detecting possible and likely sepsis, respectively, with a threshold of ≥ 10 µg/L indicating a high likelihood of severe sepsis or septic shock [@bib20], [@bib21], [@bib22].

The data shows an excellent correlation between the Architect B.R.A.H.M.S PCT assay in comparison with the other assays examined in this study. The slope in the Deming regression scatter plots of 0.91 with the B.R.A.H.M.S Kryptor^®^ PCT reference assay indicates a good accordance. Nevertheless, the regression lines of the method comparisons performed were considerably different, with slopes ranging between 0.69 and 0.91. Most importantly, this difference is seen at higher concentrations across all of the methods and not at the low end where medical cut-offs are. This may suggest a lack of standardization of the respective calibration materials for the different PCT assays.

5. Conclusions {#s0050}
==============

In summary, independent observations at nine different clinical laboratory sites confirmed the analytical characteristics of the ARCHITECT B.R.A.H.M.S PCT immunoassay. Compared with other assays, ARCHITECT B.R.A.H.M.S PCT offers excellent precision and low-end sensitivity.
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[^1]: C, Roche Cobas^®^; CI, confidence interval; DL, Diasorin LIAISON^®^ XL; Est, estimated; K, B.R.A.H.M.S Kryptor^®^; Max, maximum; Min, minimum; V, BioMèrieux VIDAS^®^.
